A monoclonal IgM (MC22-33F), raised in response to mouse embryonic dental papilla cells, was selected for further analysis on the basis of the unusual resistance of its epitope to detergent exuactiolls and protease treatments of cell cultures.
Introduction
Phospholipids are major structural components of biological membranes and can accumulate in the cytoplasm of certain cell types under various physiological or pathological conditions (for review see Wohan, 1964) . Recently, fluorescent analogues of specific phospholipids have been developed to examine the transport of these molecules to different cell organelles (for review see Voelker, 1990) . However, the use of such fluorescent tracers is restricted to living cells in monolayers. Localization of endogenous lipids in cells and tissues relies on histochemical methods of poorly defined specificities (Bonilla and Prelle, 1987; Fowler and Greenspan, 1985; Greenspan et al., 1985;  for review see Pearse, 1968) . The recently developed histoenzymatic technique employing phospholipase A2-gold complexes to detect phospholipids (Coulombe et al., 1988) appears promising. In the same context, the use of speclfic anti-phospholipid antibodies in immunocytochemistry is of potential interest.
Monoclonal antibodies (MAb) have been obtained that recognize the stereospecific configuration of phosphatidylserine (Umeda et al., 1989) and phosphatidylcholine (PC) (Nam et al., 1990) or that distinguish between the lamellar and the hexagonal phase of phosphatidylethanolamine (PE) (Rauch et al., 1986) . To our knowledge, such MAb have never been employed to immunolocalize phospholipids.
In this study we report the characterization of an MAb, MC22-33F, to choline phospholipids and its use as a probe to examine their subcellular localization and tissue distribution.
Materials and Methods

Cell. and Tirsues
The rat osteosarcoma cell line ROS 17/23 (ROS cells) was a gift from Dr. Farach-Carson (The University of Texas at Houston, Dental Branch). Hu-man embryonic fibroblasts were donated by the Department of Cytogenetics, Hopital de Hautepierre, Strasbourg, and KB cells (transformed human oral epithelial cells) by the Department of Virology, Medical School, Strasbourg. Primary cultures of trypsin-isolated enamel organs from embryonic first mandibular molars (dental epithelial cells) were performed according to Lesot et al. (1984) . Unless otherwise specified, the cells wcre cultured on glass coverslips in RPMI medium supplemented with 10% fetal calf serum and 0.1 mglml kanamycin. The cultures were grown in a humidified incubator under a 5% co2/95% air atmosphere. The medium was changed every 4 days. Unfixed frozen sections (8 pm thick) of newborn and adult Swiss mice tissues were collected on polylysine-coated glass slides.
Monoclonal Antibody
The hybrid clone MC22-33F was derived from the spleen of a Fisher rat immunized intraperitoneally with mouse embryonic dental papilla cells (Zidan and Ruch, 1989) . The spleen cells were fused with NS-1 mouse myeloma cells and selected in HAT medium. The wells were screened by immunofluorescence microscopy using unfixed frozen sections of 2-day-old mouse first lower molars. Positive hybridomas were cloned twice by limiting dilution. Immunoglobulin subclass analysis showed that the MAb MC22-33F was an IgM (Zidan and Ruch, 1989) .
Immunofluorescence
Cells on coverslips were rinsed with phosphate buffered saline (PBS; 8.10 mM Na2HP04, 1.47 mM KH2P04, 137 mM NaCI, 2.70 mM KCI, 1.05 mM MgC12, and 0.90 mM CaCIz), fixed in 3% paraformaldehyde freshly prepared in 0.1 M sodium phosphate buffer, pH 7.4 (15 min at O'C), then washed with four changes of 0.1 M sodium phosphate buffer containing 50 mM N h C I for 30 min and eventually permeabilized by 0.2% Triton X-100 in PBS ( 5 min at OT). Frozen tissue sections were hydrated in PBS. The cells and the tissue sections were then incubated (30 min at 37°C) with undiluted hybridoma supernatant of MC22-33F (antibody concentration 15 pglml, as determined by ELISA using rat IgM as a standard). After washing in PBS (three times for 3 min), the specimens were incubated with fluorescein-conjugated affinipure F(ab)2 fragments of anti-rat IgM, mu chain specific (Jackson Immunoresearch Labs-Immunotech; Marseille, France), diluted 1:40 in PBS and were mounted in glycerol-PBS containing paraphenylenediamine. The sections were photographed with a Leitz Orthoplan photomicroscope. Non-immune rat IgM (Jackson; 40 pg/ml) served as a negative control of the immunostaining procedure
In one set of experiments, aliquots of MC22-33F hybridoma supernatant were incubated with 0.5 mglml of a commercial preparation of egg phospholipids (phosphatidylcholine Type X-E; Sigma, St Louis, MO) or with 0.5 mglml of purified egg PC (Type V-E; Sigma), or with 1.0 mglml of phosphorylcholine chloride (Sigma) for 1 hr at 37°C before immunostaining. Both phospholipids and phosphorylcholine were added to the supernatant in the form of l o x suspensions or solutions in PBS.
Evaluation of the Fixation Conditions for Antigenic Preservation
ROS cells were fixed in four different ways: (a) 3% paraformaldehyde (10 min at 0°C); (b) 95% ethanol (10 min at 0°C); (c) 100% acetone (10 min at 0.C) after dehydration in 50% acetone (1 min at 0°C); and (d) paraformaldehyde followed by 95% ethanol (10 min at 0°C each). The cells were then treated with 0.2% Triton X-100 in PBS (5 min at 0°C) and immunostained by MC22-33F as described above.
Effect of Enzyme Treatments and Pemeabilization Conditions on Antigen Preservation
Unfixed ROS cells were first permeabilized with 0.20/0 Triton X-100 in PBS (5 min at O'C), then incubated for 15 min at 37'C with 20 Fglml PBS of either TPCK trypsin (Sigma) or pronase E (Sigma), or for 1 hr at 37'C with 1 Ulml PBS of phospholipase C (Sigma). The proteases were then inactivated by fetal calf serum and by extensive washing of the cell cultures with PBS.
In another set of experiments, unfixed ROS cells were permeabilized for 10 min at 0°C with one of the following detergent solutions: (a) 0.2% Triton X-100 in 10 mM sodium phosphate buffer, pH 7.4, or in 50 mM sodium acetate buffer, pH 4.5, 50 mM Eis-HC1 buffer, pH 9, PBS plus 0.6 M NaCI, or PBS plus 0.6 M KCl; or (b) 1% Triton X-100, 0.5% deoxycholate in PBS with and without 0.6 M KCI. The cell residues still adhering to the coverslips after these treatments were then immunostained by MC22-33F.
CO-localization of MC22-33F Binding with Neutral Red Uptahe in Human Fibroblasts
Cells on marked glass coverslips were incubated in a solution of neutral red (500 pglml PBS; C.I. 50040; Merck, Darmstadt, FRG) for 10 min at 37°C in COzlair. The dye solution was pre-warmed just before use. After incubation, the cells were mounted in PBS and photographed immediately using a Leitz Orthoplan microscope with a x 40, numerical aperture 0.75, Phaco 2 objective. The unfixed cultures were then permeabilized by 0.2% Triton X-100, immunostained by MC22-33F, mounted in PBS-glycerol containing paraphenylenediamine, and the same fields photographed previously with neutral red were identified and photographed by fluorescein epifluorescence.
Double Labeling of Human Fibroblasts with MC22-33F and Oil Red 0
Paraformaldehyde-fixed, permeabilized cell monolayers were immunostained by MC22-33F, then washed in PBS and counterstained with oil red 0 (C.1. 26125; Merck) in isopropanollwater (Lillie, 1965) for 3 min.
Effect of Intracellular Accumulation of Aminoglycoside Antibiotics on MC22-33F Immunoreactivity in Cultured ROS Cells
ROS cells were cultured in 2 % fetal calf serum in RPMI medium with or without 1 mglml kanamycin. After 3 or 5 days, the cultures were fixed with paraformaldehyde, permeabilized, immunostained by MC22-33F, and counterstained by oil red 0.
Enzyme-linked Immunosorbent Assays (ELISAs)
Egg PC (Type V-E), egg PE (Type III), cardiolipin from bovine heart, and sphingomyelin (SM) from bovine brain were purchased from Sigma. Each phospholipid (1 mg) was deposited from organic solvent as a thin film on the bottom of a glass tube with a stream of nitrogen. When lipid mixtures were used, the components were mixed in 200 pl chloroform before evaporation. Residual solvent was removed by drying in high vacuum for 1 hr. One milliliter of PBS was added to the dry lipid and dispersion of the lipid was achieved by vortex mixing ELISAs were performed essentially according to Hazeltine et al. (1988) with modifications. Polystyrene %-well culture plates (Nu&, Roskilde, Denmark) were coated with 50 pl/well of either PC, PE, cardiolipin, or SM or a mixture of PC and PE (1/1:w/w) or PC and cardiolipin (1/1:w/w). The lipids were suspended in PBS at a concentration of 50 pg/ml. The coating took place for 20 hr at 4'C. The coated plates were washed three times with PBS at 24'C, then saturated with PBS containing 15% fetal calf serum and 0.3% gelatin for 2 hr at 24°C to block any free binding sites. The MC22-33F hybridoma supernatant was then added (50 pl/well) and incubated for 3 hr at 24'C. The plates were washed with three changes of PBS containing 0.4% bovine serum albumin (PBS-BSA) at 24'C. then incubated with peroxidase-conjugated anti-rat IgG + IgM (Jackson) diluted 1:lOOO in PBS-BSA for 20 hr at 4'C (75 pl/well). The unbound antibody was removed by washing in PBS-BSA and the bound peroxidase measured using 0-phenylenediamine as substrate (200 pl/well:lO mg of 0-phenylenediamine dissolved in 1 ml methanol, diluted to 100 ml with distilled H2O and 10 p1 of 30% H202 added before use). After appropriate color development (usually 45 min) the reaction was terminated by addition of 50 pl and the optical density measured at 492 nm. In one experiment we used a simplified detection procedure for immobilized phospholipids. PC or mixtures of PC and cardiolipin in PBS were incubated for 16 hr at 4'C in 35-mm plastic petri dishes (Nunc). After washing, the immobilized lipids were stained by indirect immunofluorescence using the protocol already described for cells and tissues.
As a control of the unspecific binding of rat IgMs to phospholipids and polystyrene, we used a rat hybridoma cell supernatant containing a monoclonal rat anti-vimentin IgM, MC22-14A (Mark et al., unpublished study) .
Immunodetection of Phosphoaminolzpids Afier Chromatography on Thin-layer Plates
The PC analogues 1,2-dipalmitoyl-sn-glycero-3 phosphodimethylethanolamine (dimethyl-PE, DMPE) and 1,2-dipalmiroyl-sn-glycero-3 phosphomethylethanolamine (monomethyl-PE, MMPE) were purchased from Fluka (Buchs, Switzerland). PC, SM, DMPE, and MMPE were applied to silica gel 60 thin-layer plates (Merck). After migration, the lipids were immunostained using a 1:lOO dilution of the MC22-33F-containing hybridoma supernatant in PBS as described by Portoukalian and Bouchon (1986) . A duplicate of the immunostained chromatogram was stained with the phosphorus-specific spray reagent of Dituner and Lester (Portoukalian et al., 1978) .
Immunoelectron Microscopy Procedures
Pre-embedding Method. Subconfluent ROS cell cultures were washed with PBS for 10 min at 37'C, then mechanically removed from the culture surface with a rubber policeman. The cell suspension was centrifuged for 1 min in an Eppendorf tube containing a 10% gelatin solution in PBS. The cell pellet in gelatin-PBS was ice-cooled for 10 min, then cut into small pieces. These were immersed in 0.1 M sodium phosphate-buffered 4% paraformaldehyde and 0.25% glutaraldehyde solution (pH 7.4) for 6 hr at 4°C then washed in PBS (three times for 10 min), treated with 50 mM N&CI in PBS (16 hr, 4°C) and equilibrated in PBS containing 5 % , lo%, 15%, 20% sucmse for 2 hr, 2 hr, 6 hr, and 16 hr, respectively.
Cell pellets were embedded in Tissue-Tek 4583 (Miles; Elkhart, IN) and snap-frozen in liquid nitrogen. Fifteen-micrometer cryosections were mounted on poly-L-lysine-coated glass slides. After rehydration in PBS, sections were pre-treated with 0.5% metaperiodic acid PBS (10 min. 24'C) and freshly prepared 0.05% sodium borohydride in PBS (5 min. 24°C) (Willingham, 1983; Weber et al., 1978) . After rinsing in PBS, sections were incubated with MCZZ-33F (12 hr, 4'C), then with the peroxidase-labeled secondary antibody against rat IgM (diluted 1:40 in PBS) for 12 hr at 4'C. Sections were washed in PBS and refixed in 2% glutaraldehyde in PBS for 20 min at 24°C. After rinsing, the sections were incubated for 20 min at 24% in a Hanker-Yates solution, freshly prepared by dissolving 75 mg of Hanker-Yates powder (Sigma) in 100 ml of 0.1 M Xis-HC1 buffer (pH 7.6) containing 1% dimethylsulfoxide (DMSO). The sections were developed (twice for 10 min) in the same solution without DMSO (to which was added 0.01% H202 before use).
Sections were post-fixed for 1 hr at 24% with 1% osmium tetroxide in PBS, dehydrated with graded acetone, and flat-embedded in Epon 812 using upside-down hinged capsules (Mark et al., 1987) . After polymerization of the resin (48 hr at 60%). proper portions were trimmed and reembedded in Epon 812 using a silicon rubber plate. Ultra-thin sections were cut with a diamond knife on a Reichert-Jung ultratome. Sections with slight uranyl acetate counterstaining were examined using a Siemens Elmiskop 102 electron microscope at an accelerating voltage of 60 kV. As negative control, non-immune rat IgM (Jackson) was substituted for the primary anti body.
Cell Surface Labeling. KB cell cultures on glass slides were fixed with 4% paraformaldehyde and 0.25% glutaraldehyde in PBS for 1 hr at 4'C. After washing with PBS containing NH4CI (1 hr, 24'C). cell monolayers were incubated with MC22-33F for 1 hr at 24°C. After rinsing, cells were incubated with biotinylated anti-mouse IgM (140; Vector Labs, Burlingame, CA) for 1 hr, then labeled with 20-nm streptavidin-conjugated colloidal gold particles (diluted 1:30; Gibco BRL, Cergy Pontoise, France) for 1 hr at 24-C. As negative controls: (a) cell monolayers were pre-treated with phospholipase C (1 Ulml PBS) for 1 hr at 37°C or (b) non-immune rat IgM was substituted for the primary antibody.
After washing away the excess of colloidal gold particles, sections were re-fixed in 2 % glutaraldehyde in PBS for 20 min. then post-fixed for 1 hr with 1% osmium tetroxide in PBS, dehydrated with graded acetone, and flat-embedded in Epon. After polymerization ofthe resin, proper portions were trimmed and re-embedded. Ultra-thin sections were obtained as described above.
Results
The data are presented following the sequence of experiments that were undertaken with the aim of characterizing the MAb epitopes, then of gaining information on the significance of the immunocytochemical labeling. (Figure 1 ). Unpermeabilized ROS cells and unpermeabilized human embryonic fibroblasts did not react with the MAb (not shown). In all cell types, the intracel- Cells fixed with ethanol demonstrate a diffuse pattern of staining and the intensity of immunofluorescence is considerably reduced. The two photographs were taken using exactly the same exposure conditions. Note that acetone fixation enhances the autofluorescence of nuclei. Original magnification x 1000. Bar = 10 pm. M a r immunostaining observed after permeabilization was polymorphic, occurring mostly in punctate structures (distributed throughout the cytoplasm) but also in large elements up to . Control cultures that were incubated with non-immune rat IgM instead of MC22-33F were negative (see Figure 2c ).
Immunofluorescence Localization of the MC22-33F
ROS cells were also futed with acetone or with ethanol, then treated with 0.2% Triton X-100 and immunostained with MC22-33F. Acetone fiwtion caused considerable disturbance of the staining pattern but increased the staining intensity (Figure 4a ). After ethanol fixation the cell labeling became extremely weak (not shown). Treatment of paraformaldehyde-fixed cells with ethanol caused the same dramatic decrease of antigenicity (Figure 4b) .
To determine suitable conditions for antigen extraction from the cell monolayer, unfixed ROS cells were treated with detergent solutions of differing concentrations, pH. and ionic strength before immunostaining. Treatment of the ROS cells with 0.6 M KCI during (or after) permeabilization caused an apparent increase in the staining intensity. by inducing the formation of large intracellular aggregates (compare Figure 5b with Figure 5a ). With this exception. the detergent extraction procedures listed in Materials and Methods caused no significant change in the immunostaining pattern or intensity (see Figure 5a ). The cell residues left on the glass coverslips after trypsin or pronase digestion of unfixed, permeabilized ROS cells were devoid of recognizable nuclei when examined under phase-contrast optics. However, they still reacted intensely with MC22-33F (Figure 5c ). On the other hand, digestion of unfixed, permeabilized cells with phospholipase C before incubation with the MAb abolished the immunostaining (Figure 5d ).
Effect of Pre-incubation of MC22-33F with Choline Phospholipids on Its Ability to Bind to Cell Monolayers
Binding of the MAb to cultured cells was abolished when the hybridoma supernatant was first incubated with an excess of choline phospholipids, but was unaffected by pre-incubation with phosphorylcholine.
Anti-phospholipid ELISAs and Immunochemical Detection of Phospholipids on Thin-layer Chmmatograms
We have analyzed the binding of MC22-33F to lipid-coated microtiter plates. The results are summarized in Figures 6 and 7 . Of the phosholipids tested in this assay, only PC and SM reacted positively, but, unexpectedly, mixtures of PC with cardiolipin were not recognized by the MAb. Under identical experimental conditions, Hazeltine et al. (1988) and have reported efficient immobilitation to polystyrene of cardiolipin and of PE. However, binding of the different phospholipid species to plastic is difficult to quantitate. The reactivity of MC22-33F towards different phosphoaminolipids, including synthetic PC analogues with modified polar head groups, was further investigated on thin-layer chromatograms ( Figures 8 and 9 ). The order of the reactivity in this assay was DMPE > SM > PC (Figure 9 ). MMPE ( Figure 8 ) and PE (not shown) were not recognized by the MAb.
Combined Immunofluorescence and Histochemical Labelings
Vital staining by neutral red allowed the co-localization of MC22-33Fpositive structures with sites of neutral red uptake (compare Figures 12a and 12b) and with large neutral fat droplets (Figures 12c and 12d) .
Im m unoelectro n Microscopy
KB cells exhibited many microvilli and blebs at their dorsal surface (Figure 13a ). After colloidal gold surface labeling, the MC22-33F epitope was detected exclusively on the surface of some blebs (Figures  13b and 13c ). This staining might correspond to the punctate labeling provided by indirect immunofluorescence (Figure 1 ). KB cells pre-incubated with phospholipase C were devoid of immunogold labeling (not shown).
To identify the intracellular antigenic sites recognized by MC22-33F, a pre-embedding technique was employed. In ROS cells, only membrane-like structures within lysosomes stained positively (Figures 14a and 14b) .
Immunohistochemicul Loculizution of Phospholipids in Frozen Mouse Tissues with MC22-33F
Many cell types and tissues were not stained by the MAb, e.g., epidermal cells, intestinal epithelial cells, dermal fibroblasts, spleen, myometrium, hyaline cartilage, and myelin sheets. The highest levels of immunoreactive phospholipids were detected in oil red 0-positive cell types, e.g., pre-adipocytes (Figures 15a-15d ) multilocular adipocytes (not shown), cells of the ovarian stroma and of the theca interna (Figures 16a and 16b ). granulosa cells (Figures I6a and 16b) , and endometrial cells (Figures 17a and 17b ). An exception was the adrenal cortex (not shown), which failed to react with the MAb. The cardiac muscle fibers, which in mouse contain many lipid droplets (see Dreibelbis, 1986) , strongly reacted with MC22-33F (Figure 18 ). In calcifying cartilage, the MAb detected extracellular phospholipids in the septa surrounding hypertrophic chondrocytes (Figures 19a and 19b) . Tissue sections incubated with non-immune rat IgM instead of MC22-33F were negative (see Figure 1% ). 
Discussion
This study reports on the characterization of an MAb to choline phospholipids and on its use as a probe to detect these compounds in cell cultures as well as in tissues and organs. Several attempts have been made to raise cell type-specific or cell lineage-specific MAb using isolated cells as immunogens (Perry et al., 1990; Tsai et al., 1990; Zidan and Ruch, 1989) . This approach gives rise to a large number of MAb of undefined epitope specificities. Our data exemplify the value of immunocytochemical technics to screen these MAb specificities (see also Mark et al., 1989; Willingham et al., 1987; Rapraeger et al., 1986) . The binding of MC22-33F to cell monolayers has many unique features which, together, allowed identification of the epitope. This binding was unaffected by trypsin or pronase treatment or by prolonged exposure to high concentrations of non-ionic detergents. Moreover, the MC22-33F epitope was found to be stable over a wide range of pH and ionic strengths, properties that are uncommon for a peptide epitope in either soluble, polymerized, or membrane-incorporated forms. On the other hand, the binding was impaired by post-fixation with ethanol of paraformaldehyde-fixed cells, whereas acetone fixation of cell monolayers had the opposite effect. Since solubilization by ethanol and precipitation by acetone are properties of many phospholipids, this prompted us to orient the search towards a lipid epitope. Incubation of cell monolayers with phospholipase C resulted in inactivation of the antigen. Conversely, pre-incubation of the hybridoma supernatant with multilamellar vesicles prepared either from a crude extract of egg phospholipids or from highly purified egg PC abolished the binding of the MAb to the cell cultures.
PC, SM, and DMPE, but not MMPE and PE, were recognized by the MAb in ELISA assays and/or on thin-layer chromatograms, suggesting that the methyl groups on the quaternary nitrogen of the choline moiety of the phospholipid were important for binding. Lipid mixtures composed of PC and cardiolipin did not react with MC22-33F. This indicates that the epitope might be masked on interaction with other phospholipids in vitro and perhaps also in vivo (see below). As already noted for other anti-PC IgMs (Nam et al., 1990) , phosphorylcholine, the putative water-soluble hapten, did not impair the binding of MC22-33F to cell monolayers. It is well established that IgM antibodies are usually of low affinity. and it has been stated that this relatively low affinity mighc be compensated by multivalency (Goding, 1986) . Therefore, it seems likely that MC22-33F might bind only to multiple, appropriately spaced phosphorylcholine residues in lipid bilayers. Phospholipids are ubiquitous. The apparent selectivity of the immunostaining of cells in vitro and in situ is likely,to rely largely on binding characteristics of IgM antibodies and on phenomena of antigen "masking" rather than on differences in epitope affinities. DMPE is a metabolic intermediate of the methylation pathway of PC formation, but this pathway is of no quantitative significance in animal tissues (except in liver; for review see Kent, 1991) ; SM represents only a small percentage of the phospholipids in cells. PC, on the contrary, accounts for about half of the phospholipids in cells and thus represents the best of the three phospholipid candidates for binding to MC22-33F in cells. Synthetic multilamellar vesicules consisting of pure PC are labeled by indirect immunofluorescence employing MC22-33F. The possible dependence of MC22-33F binding on fatty acid composition of PC, which has been reported for other anti-phospholipid antibodies (Nam et al., 1990; Kawagushi, 1987) , might also explain part of the variable immunostaining.
Plasma membrane phospholipids bound to the MAb only at sites of bleb formation, suggesting that these structures might display a molecular organization distinct from the rest of the plasma membrane (see Hale and Wurthier, 1987) . Inside the cells, detection of phospholipids was restricted to vesicles of varying size and shape. At the electron microscopic level, these immunostained vesicles appeared as lysosomes containing membrane-like structures. Double labeling of the cells with MC22-33F and neutral red or oil red 0 demonstrated the frequent co-distribution of immunofluorescent structures with lysosomes and with neutral fat droplets. Aminoglycoside antibiotics, among which is kanamycin, are concentrated exclusively in lysosomes from cultured cells (Tulkens and Trouet, 1978) and inhibit lysosomal phospholipase C, sphingomyelinase, and acid lipases (Oshima et al., 1986; Hostetler and Hall, 1982; Laurent et al., 1982; Tulkens and Van Hoof, 1980) . This results in phospholipid accumulation and eventual formation of osmiophilic multilamellar bodies (Oshima et al., 1986) . Accumulation proceeds slowly, and stable intracellular contents of aminoglycosides are obtained only after 4 days of culture (Tulkens and Trouet, 1978) . Both rate and level of accumulation of kanamycin are increased on lowering the serum concentration of the culture medium (Tulkens and Trouet, 1978) . Long-term exposure of ROS cells to kanamycin induced an intracytoplasmic accumulation of both phospholipid-containing and neutral fat-containing inclusions, indicating the existence of a functional link between these structures and glycerolipid catabolism.
In newborn and adult mouse tissues, immunolabeled phospholipids were most abundant in cells known to store large amounts of triglycerides (e.g., adipocytes, cardiac muscle cells, endometrial cells) andlor cholesterol esters (e.g., steroid-producing cells). This seems to indicate that phospholipids are usually associated with cytoplasmic accumulation of neutral fats. Unexpectedly, immunoreactive phospholipids were also abundant in calcifying cartilage septa. Immunohistochemistry at the electron microscopic level will permit investigation of the link between these extracellular phospholipids and matrix vesicles. These latter structures, which are generated by plasma membrane blebbing of hypertrophic chondrocytes (Hale and Wurthier, 1987) might be involved in the initiation of mineralization (Boskey, 1985) . In conclusion, the MAb MC22-33F, specific for choline phospholipids, appears as a new and interesting probe to investigate lipid accumulation in situ under physiological and pathological conditions. Tulkens P, Van Hoof F (1980) Original magnification x 400. Bar = 30 pm.
